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Abstract 
 
In this paper, a stochastic component mode synthesis method is 
developed  for  the  dynamic  analysis  of  large-scale  structures 
with  parameter  uncertainties.  The  main  idea  is  to  represent 
each component displacement using a subspace spanned by a 
set  of  stochastic  basis  vectors  in  the  same  fashion  as  in 
stochastic  reduced  basis  methods  [1,  2].  These  vectors 
represent  however  stochastic  modes  in  contrast  to  the 
deterministic  modes  used  in  conventional  substructuring 
methods [3]. The Craig-Bampton reduction procedure is used 
for illustration. A truncated set of stochastic fixed-free modes 
and a complete set of stochastic constraint modes are used to 
generate reduced matrices for each component. These are then 
coupled together through necessary compatibility constraints to 
form  the  global  system  matrices.  The  advantage  of  using 
stochastic  component  modes  is  that  the  Bubnov-Galerkin 
scheme can be applied for the computation of undetermined 
coefficients in the reduced approximation. Explicit expressions 
can  be  obtained  for  the  responses  in  terms  of  the  random 
parameters. Therefore the statistical moments of responses can 
be efficiently computed. The method is applied to a test case 
problem.  Results  obtained  are  compared  with  the  traditional 
Craig-Bampton  method,  the  first-order  Taylor  series  and 
Monte Carlo Simulation benchmark results. We will refer to 
the proposed method as ROBUST or Reduced Order By Using 
Stochastic Techniques. 
 
1.  Introduction 
 
Structural  systems  are  often  analyzed  assuming  that  the 
modeled  parameters  are  deterministic.  However,  parameter 
uncertainties  exist  in  these  systems  and  can  make  the 
prediction of the responses, based on nominal design invalid. 
Also, analyzing a system with uncertain parameters means that 
all possible physical realizations of these parameters must be 
numerically  simulated.  This  allows  for  accurate  statistical 
information and hence a better design. Stochastic methods of 
analysis are then required i.e., parameter uncertainties should 
be considered as random variables. 
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In order to address this concern, new methods of analysis are to 
be developed. The review paper by Manohar and Ibrahim [4] 
of the state of the art in stochastic structural dynamics reveals 
that the perturbation methods appear to be the most popular 
technique  for  approximating  the  statistics  of  the 
eigenparameters and forced responses of uncertain systems. 
 
The popularity of these methods can be primarily attributed to 
ease  of  implementation  and  computational  efficiency. 
Analytical expressions for the mean and standard deviation of 
responses  can  be  derived  as  functions  of  random  inputs. 
However,  the  perturbation  methods  give  reasonable  quality 
results for the statistical moments only when the coefficients of 
variation  of  the  random  parameters  are  small.  Further,  the 
quality  of  the  approximations  often  tends  to  deteriorate 
significantly when the frequency of excitation increases. 
 
Reliability methods have also been developed for determining 
the statistical structural response characteristics. Most of these 
methods focus on the estimation of the probability of failure 
associated with a performance function and a most probable 
point search. A comprehensive review paper by Rackwitz [5] 
summarizes  the  theory  and  different  methods  of  structural 
reliability,  particularly  the  first  and  second  order  reliability 
methods.  Numerical  analyses  in  structural  dynamics  are 
usually  conducted  by  using  the  finite  element  method.  It  is 
generally  assumed  that  each  term  of  the  random  coefficient 
matrices (mass and  stiffness) can be expressed as a random 
polynomial in terms of a finite number of random variables. 
This assumption is not limiting. The rapid advances made in 
the area of stochastic finite element analysis make it possible to 
readily arrive at such representations of parameter uncertainty 
using  techniques  as  the  Karhunen-Loeve  expansion  scheme, 
see for example, Ghanem and Spanos [6]. The reader is also 
referred  to  a  recent  state-of-the-art  report  on  computational 
stochastic  mechanics  by  Schueller  [7]  for  more  details 
concerning parametric models of random uncertainties in finite 
element models. 
 
However, in order to fully exploit such representations [5, 6, 
7],  efficient  numerical  schemes  are  required  for  statistical 
analysis. For large-scale analysis of structural systems, more 
adequate techniques must be derived. The research conducted 
here is motivated by the need of accurate and efficient reduced-
order modelling that allows reliable statistical assessments of 
the  effects  of  parameter  uncertainties.  Such  methods  are 
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